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(54) Tide: MAGNETIC COIL 

(57) Abstract 

A birdcage resonator coil for 
use, e.g., in a magnetic resonance 
system, has a pair of parallel, con- 
ducting end rings (20, 22; 30, 32) 
with N conductors (24; 34) connected 
between them and spaced at inter- 
vals of 2ir/Af, the conductors curving 
outwards along elliptical paths. The 
elliptical-curving conductors may be 
associated in pairs (34A, B, C, D). 
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MAGNETIC QOlh 

This invention relates to a magnetic coil for transmitting or receiving a magnetic 
field, for example the radio-frequency magnetic field in a magnetic resonance system, and 
relates especially to magnetic coils known as birdcage resonators. 

The term magnetic resonance systems means magnetic resonance imaging (MRI) 
5 and magnetic resonance spectroscopy (MRS) which in this specification will be referred 
to as MR systems. In such systems, a material under investigation is exposed to a static 
magnetic field and a radio-frequency magnetic field to generate magnetic resonance in the 
material, and a property of the magnetic resonance is detected which is dependent on the 
structure of the material and of the environment of nuclei within that material. 
10 In a paper by C.E. Hayes et ai 9 in the Journal of Magnetic Resonance, Volume 63, 

1985, pages 622-628, an r.f. coil known as a birdcage resonator is described, comprising 
two circular conducting end rings connected by straight parallel conductors, known as 
"legs". The birdcage resonator is suitable for use in MR systems in which the static 
magnetic field is parallel to the magnetic bore, Le. horizontal. The r.f. field produced by 
15 a birdcage resonator is highly homogeneous, an essential factor in MR systems, and the 
resonator can be used in quadrature to improve the sennsitivity of the MR system, and it 
can also be dual-tuned to perform simultaneous measurements on two types of nuclei 
within the material under test 

However for horizontal magnet bore MR systems with a vertical static magnetic 
20 field, the birdcage cannot be used in quadrature. In addition, if the birdcage in the design 
as described by Hayes is used in an MR system with a horizontal bore, access to the 
sample/patient is severely limited by the legs on the resonator. 

Solenoidal coils are commonly used for vertical field MR systems as whole-body 
and head coils. However, unlike birdcage resonators, they cannot be driven in quadrature. 
25 Further, their cylindrical structure is inherently claustrophobic, a major disadvantage for 
whole body MR systems. Both the solenoidal and the birdcage coil have one common 
disadvantage: they offer very limited side access to the patient/sample. 

An alternative coil, known as a cross-ellipse coil, is described in UK Patent 
No. 2144918, National Research Development Corporation, which has an advantageously 
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open structure, thus minimising claustrophobic effects, but such a coil is inherently less 
sensitive and less efficient than a birdcage resonator. 

In DE 3347597, Philips, Figure 15 discloses a resonator having a barrel-shape, but 
the precise shape of the curve is not specified, and the resonator is not a birdcage resonator. 
5 According to the invention a magnetic coil comprises a pair of parallel conducting 

end rings, and connected between the end rings a number N of conductors spaced around 

2 7T 

the end rings at intervals of — , the conductors curving outwards between the end rings 
along elliptical paths. 

In one arrangement the planes in which the elliptical paths lie are radial to the end 
rings. Optionally there are four conductors spaced at 90° intervals around the end rings. 

In an alternative arrangement the conductors are associated in pairs, each pair of 
conductors curving outwards from the rings along parallel elliptical paths, the planes in 
which the elliptical paths lie being parallel to the radius to each end ring intermediate 
between the connection points of that pair of conductors to the ring. Optionally there are 
1 5 eight conductors spaced at 45 ° intervals around the end rings and arranged as four pairs. 

Preferably there is further provided a number N of capacitors in each end ring, 
connected between adjacent conductors whereby a high-pass birdcage resonator is 
provided. 

Alternatively there is further provided a number N of capacitors connected one in 
each conductor of the magnetic coil, whereby a low-pass birdcage-type resonator is 
provided. 

In a third option, there are N capacitors in each end ring, connected between 
adjacent conductors, and there are a further N capacitors connected one in each conductor, 
whereby a bandstop birdcage-type resonator is provided. 
25 An MR system may comprise a magnet having a horizontal bore and providing a 

static magnetic field, and a magnetic coil according to the invention arranged with its end 
rings in horizontal planes within the horizontal bore. The magnetic coil may be arranged 
either to generate or to detect a magnetic field at radio frequencies. The static magnetic 
field may be either horizontal or vertical. 
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It is an advantage of such an MR system that access to the sample/patient within the 
bore is good as the coil according to the invention has essentially an open structure. 

The prior art will now be described by reference to Figure 1 which shows a birdcage 
resonator designed by Hayes et ah as referred to above, and the invention will be described 
5 by way of example only with reference to the following Figures in which:- 

Figures 2a and 2b illustrate schematically a view and an end view of a four-leg coil 
according to the invention, 

Figures 3a and 3b illustrate schematically a view and an end view of an eight-leg 
coil according to the invention, and 
1 0 Figure 4 is a schematic diagram of an MR system. 

In Figure 1, Hayes's birdcage resonator comprises two circular conducting end 
rings 10,12 connected by eight straight parallel conducting "legs" 14 spaced equally around 
each end ring. The resonator is positioned with its legs horizontal and within the horizontal 
circular bore 16 of a magnet in an MR system; the magnet provides either a horizontal 
15 static magnetic field Bgjj along the axis of the bore 16, or alternatively a vertical static 
magnetic field Bgy shown by the chain line. 

Optionally there may be provided sixteen capacitors 1 8, eight in each end ring, each 
capacitor positioned between the connection points of a pair of adjacent legs; such a 
resonator constitutes a high-pass filter. Alternatively, there may be a capacitor in each leg 
20 (not illustrated) when the resonator forms a low-pass filter; in a third option the high-pass 
and low-pass arrangements are combined to give a bandstop filter. 

In Figure 2a, a resonator coil according to the invention comprises two circular 
conducting end rings 20,22 connected at equispaced positions by four conducting legs 24; 
the four legs curve outwards from each end ring along elliptical paths. The end view of 
25 Figure 2b shows that all the elliptical planes in which the paths lie are radial to the end 
rings at the points of connection with the legs 24. 

In this arrangement the radio-frequency magnetic fields Brj and Br2 generated 
by the coil will be radially outwards along any adjacent two of the radii to the connection 
points of the legs; since the coil has a four-fold symmetry, it can be operated in quadrature. 
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There may also be provided eight capacitors 26, four in each end ring 20,22 as 
shown schematically. Such capacitors allow tuning of the high-pass coil. To maintain 
four-fold symmetry, all capacitors within each ring must be identical and the ring segments 
must be equal. » 
5 In Figure 3 an alternative coil according to the invention comprises two parallel 

spaced conducting end rings 30,32 connected by eight conducting legs 34 which curve 
outwards between the end rings along elliptical paths. 

The legs are arranged in four pairs, 34A, B, C, D; the legs in each pair curve 
outwards along parallel elliptical paths, the planes in which the paths lie being parallel to 

10 the radius to the ring at the point midway between the connection points of each pair of 
legs. The directions of the r.f. magnetic fields Bp3, Br4 may lie along any radius to the 
ring at a point midway between the connection points of the legs in a pair, see Figure 3b. 

It is an advantage of the eight-leg version illustrated in Figure 3 that it has increased 
sensitivity in comparison with the four-leg version of Figure 2. 

15 The eight-leg version may also be provided with eight capacitors 26 in each end 

ring, spaced between the connection points of the eight legs to form a high-pass filter. 
Alternatively, (not illustrated) there may be a capacitor in each leg 34, to provide a 
low-pass filter. In a third option (not illustrated) the high-pass and low-pass arrangements 
may be combined to form a bandstop filter. 

20 It will be appreciated from Figure 3a that the conducting loops formed by adjacent 

legs and the end rings between those legs are not equal. The loops formed by the legs 
within each pair are smaller than the loops formed by one leg from each adjacent pair of 
legs; their effective inductances are therefore different and, in order to obtain the 
fundamental mode birdcage resonance, appropriate capacitor values are required for each 

25 of the two loop sizes; these values can be calculated using well known principles. 

The eight-leg version of a birdcage resonator as illustrated in Figure 3 may be 
operated in quadrature if desired as four-fold symmetry is maintained by using appropriate 

4 

capacitor values in the end rings. The direction of the field generated is preferentially 
along opposing larger loops, but can be changed to generation along opposing smaller loops 
30 if desired. 
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It can be seen from Figure 3 that access for a patient or a sample is through the 
substantial aperture between each pair of curved legs, for example between pair 34B 
and 34C, or through the end rings, making it attractive for interventional MR systems. The 
eight-leg coil has a notably open structure, making it attractive for use as a head coil in 
5 vertical field open MR systems. Figure 3b illustrates an imaginary tubular access 
volume 35 and its position with respect to the legs, showing the considerable diameter of 
the tube. 

Figure 3a illustrates the position of the coil within the horizontal bore 38 of a 
magnet providing a static, vertical magnetic field Bgy. The directions of the quadrature 
10 r.f. magnetic fields BR3, Br4 [see Figure 3b] will lie in the horizontal plane, either along 
the axis or at right angles to the axis of the bore 38. 

In addition to the arrangement illustrated in Figures 2a and 3a, a birdcage according 
to the invention can be used for horizontal field MR applications. However, the birdcage 
resonator can then operate only in the linear mode as opposed to the quadrature mode. If 
15 the purpose of the MR scan is to allow intervention on the patient, then the open access 
structure can be advantageous. 

In Figure 4, an MR imaging system comprises a magnet having an aperture 50 
within which is located a birdcage resonator 52 according to the invention connected to a 
transmitter 54 supplied from a control computer 56, and to a receiver 58. The receiver is 
20 connected through a digitiser 60 to the computer 56. 

The magnet aperture 50 also houses conventional gradient coils 62 supplied by a 
gradient amplifier 64 also controlled by the computer 56. The system has an operating 
console 66 having typical features such as the cathode ray tube 68, keyboard 70, function 
buttons 72 and trackball 74, all connected to the computer 56 which also controls a 
25 multi-format camera 76 and magnetic tape unit 78. 

In operation, the magnet and the gradient coils 62 apply a static magnetic field to 
a sample/patient located within the magnet aperture 50 and between the coils 62. The 
transmitter 54 applies a pulse signal at the appropriate radio-frequency to the birdcage 
resonator 52; the resonator also receives from the sample or patient a signal relating to 
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precession of e.g. protons in the sample/patient, and this signal is transferred through the 
receiver 58 and digitiser 60 to the computer. By use of the appropriate, conventional 
controls, an image of the sample/patient in a required format is provided. 

By use of a magnetic coil according to the invention and selected to operate in 
5 quadrature, dual frequency MR measurements can be made, for example at 34.75 MHz 
and 85.81 MHz for phosphorus and proton resonances. Alternatively, the coil can be 
selected to perform field cycled proton-electron double resonance imaging (FC-PEDRI), 
If the birdcage resonator according to the invention is intended for low field 
applications, for example less than 0. 1 T, then very large capacitors may be needed to tune 
10 the coil at low frequencies, for example 1 MHz to 10 MHz. In such situations, the use 
of integral capacitors may improve the efficiency of the coil. 
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CLAIMS 

1. A magnetic coil characterised by a pair of parallel conducting end rings (20,22), 

and connected between the end rings a number N of conductors (24) spaced around the 

end rings at intervals of 27r— , the conductors curving outwards between the end rings 

N 

5 along elliptical paths. 

2. A magnetic coil according to Claim 1 in which the planes in which the elliptical 
paths of the conductors (24) lie are radial to the end rings (20,22). 

3. A magnetic coil according to Claim 2 in which there are four conductors (24) 
spaced at 90° intervals around the end rings (20,22). 

10 4. A magnetic coil according to Claim 1 in which the conductors (34) are associated 
in pairs (3 4 A, B, C, D), each pair of conductors curving outwards from the end rings 
(20,22) along parallel elliptical paths, the planes in which the elliptical paths lie being 
parallel to the radius to each end ring intermediate between the connection points of that 
pair of conductors to the ring. 

15 5. A magnetic coil according to Claim 4 in which there are eight conductors (34) 
arranged as four pairs (34A, B, C, D), the pairs being equispaced around the end rings 
(30,32). 

6. A magnetic coil according to any preceding claim in which there is further provided 
a number N of capacitors (26) in each end ring (20,22), connected between adjacent 

20 conductors (24) whereby a high-pass birdcage resonator is provided. 

7. A magnetic coil according to any one of Claims 1 to 5 in which there is further 
provided a number N of capacitors connected one in each conductor of the magnetic coil, 
whereby a low-pass birdcage-type resonator is provided. 

8. A magnetic coil according to any one of Claims 1 to 5 in which there are 
25 N capacitors (26) in each end ring (20,22), connected between adjacent conductors (24), 

and there are a further N capacitors connected one in each conductor (24), whereby a 
bandstop birdcage-type resonator is provided. 

9. A magnetic resonance system characterised by a magnet having a horizontal bore 
(38) and providing a static vertical magnetic field (B sv ), and a magnetic coil (52) according 

30 to any one of Claims 1 to 8 arranged with its end rings in horizontal planes within the 
horizontal bore. 
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1 0. A magnetic resonance system according to Claim 9 in which the magnetic coil (52) 
is connected to a transmitter (54) and to a receiver (58), the transmitter and receiver being 
connected to a control computer (56); and further comprising gradient coils (62) supplied 
by a gradient amplifier (64); and an operating console (66). 
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Fig. 2b 
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Fig. 3b 
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Fig. A 
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